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1 . 0  SUMMARY 

The  Microelectronics  Research  and  Development  Center  of  Rockwell 
International  has  completed  the  program  encompassing  the  design, 
fabrication,  and  characteri zation of  a  High  Contrast  Electroluminescent 
Readout  Device.  The  device  consists  of  EL  seven-segment  numeric  dis¬ 
plays  incorporating  a  high  contrast  background  layer.  The  device  also 
contains  within  its  sealed  package,  logic  and  drive  circuitry  to  operate 
the  displays  from  a  computer  output  data  stream,  having  conventional 
5-volt  logic  and  BCD  input.  The  package  design  also  allows  stacking 
the  displays  end  to  end,  resulting  in  a  multi-digit  computer-type  terminal 
display. 

The  displays  delivered  during  this  program  contain  internal 
decode  and  drive  circuitry  not  heretofore  available  in  EL  displays. 

The  ten-pin  dual  in-line  packages  with  high  contrast  thin  film  EL 
emitter  have  excellent  legibility  in  normal  ambient  and  good  legibility 
in  high  ambient  light  levels.  Since  the  EL  thin  film  emission  results 
by  a  tunneling  mechanism,  the  display  is  not  temperature  sensitive  and 
operates  over  a  wide  temperature  range,  easily  meeting  military  temperature 
requirements.  This  report  describes  the  design,  development  and  fabri¬ 
cation  of  the  hiqh-contrast  EL  displays  and  details  the  characteristics 
and  performance  of  the  displays  as  compared  to  program  objectives. 
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2.0  PROGRAM  AIMS  AND  OBJECTIVES 

The  objective  of  this  program  is  to  design  and  fabricate  a  quantity 
of  numeric  EL  display  devices  containing  two-digits  consisting  of  seven 
segments  and  a  decimal  point.  Four  (4)  exploratory  development  models 
have  been  fabricated  each  consisting  of  a  ten-digit  display  made  up  of 
five  of  the  two-digit  numeric  devices.  Drive  circuitry  and  decoding 
logic  are  included  in  the  devices  to  allow  operation  directly  from 
computer  level  logic  inputs  at  TTL  voltage  levels.  The  display  medium 
is  a  transparent  AC  thin  film  electroluminescent  type  with  a  high- 
contrast  background  layer  for  viewing  in  high-light  ambients.  The 
operational  character!' sties  of  the  devices  are  designed  as  to  allow  a 
uniform  electronic  dimming  of  the  display  to  outputs  in  the  order  of  the 
10~3  ft-L  for  compatability  with  night  vision  applications.  The  display 
is  capable  of  sufficient  contrast  to  be  viewed  in  an  ambient  illumin¬ 
ation  of  10,000  ft-c  without  contrast  enhancement  techniques.  The 
devices  are  capable  of  operation  for  3,000  hours  at  a  luminance  level 
that  satisfies  the  condition  of  visibility  under  high-ambient  illumination 
described  above.  Also,  the  devices  shall  operate  without  the  loss  of 
significant  light  emitting  areas  due  to  any  failure  or  degradation 
mechanism  during  the  3,000  hour/lifetime. 
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3.0  DEVICE  DESIGN  AND  FABRICATION 
3.1  Thin  Film  Emitter  Structure 

The  design  of  the  thin  film  emitter  must  consider  the  proDerties 
and  effects  of  several  variables.  To  achieve  the  optimum  film  perfor¬ 
mance,  a  careful  balance  of  the  physical,  optical  and  electrical  para¬ 
meters  is  of  vital  importance.  Figure  3.1  shows  a  cross  section  of  a 
high  contrast  thin  film  EL  structure.  The  multilayer  thin  film  structure 
is  deposited  on  a  borosilicate  glass  substrate  as  shown.  The  Zn  S:Mn  EL 
emitter  is  sandwiched  between  layers  of  the  dielectric  to  provide 
adequate  voltage  protection  for  driving  the  display. 

The  drive  signal  (typically  5kHz)  is  applied  between  the  transparent 
conductor  (backplane)  and  the  segments  of  the  numeric  display.  The 
backplane  is  common  to  all  segments,  while  the  segments  and  decimal 
points  each  have  individual  electrodes  so  they  can  be  driven  separately 
by  digital  logic  as  described  later  in  this  report. 


3 . 2  High  Contrast  Design 

Figure  3.2  shows  a  profile  view  of  the  high  contrast  numeric 
display.  The  design  utilizes  the  common  backplane  as  the  transparent 
front  electrode  which  is  deposited  directly  on  the  glass  substrate 
through  which  the  display  is  observed.  A  low-reflectance  insulator  is 
deposited  in  the  unused  areas  of  the  display.  This  material  is  chosen 
to  have  a  refractive  index  approximately  equal  to  the  glass  substrate 
so  that  Fresnel  reflections  are  minimized. 
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EL  EMISSION 


Fig.  3.1  Thin  Film  Emitter  Structure. 
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The  active  segment  areas  utilize  a  light  scattering  and  absorbing 
material  as  the  segment  electrode.  This  electrode  material  is  processed 
to  have  an  effective  refractive  index  approximately  equal  to  the 
rear  dielectric  to  minimize  Fresnel  reflections.  Since,  in  the  active 
segment  areas,  the  display  consists  of  a  combination  of  several  thin 
film  layers  on  the  borosilicate  glass  substrate,  this  thin  film 
multilayer  must  be  carefully  designed  not  only  with  regard  to  electro- 
optical  performance  but  also  with  respect  to  the  various  optical 
reflections  that  can  arise  throughout  the  visible  spectrum.  Viewability 
of  the  display  at  angles  significantly  away  from  normal  incidence  must 
also  be  considered  in  the  design. 

3.2.1  Specular  Reflection  Components  of  A  Multilayer  High  Contrast 
EL  Emitter 

Figure  3.3  schematically  illustrates  the  specular  reflection  components 
from  the  mul ti -layer  TFEL  emitter.  In  this  case  it  is  assumed  that  the 
reflection  at  the  glass-air  interface  is  minimized  by  an  external  anti- 
reflection  coating;  therefore  the  front  surface  reflection  is  not  shown 
in  Fig.  3.3.  It  is  also  assumed  tnatthe  black  backing  is  a  perfect 
absorber  so  R4=0.  Therefore,  in  order  to  minimize  the  major  reflection 
Rj  at  the  glass  I  TO  interface,  the  maonitude  and  phase  of  successive 
reflection  components  and  are  adjusted  by  means  of  thickness 
control  of  d^  and  d^  to  exactly  cancel  R-j .  The  ITO  and  first  ^2^3 
are  lumped  as  a  single  layer  since  the  index  of  refraction  for  each 
are  similar. 
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Fig.  3.3  Specular  Reflection  Components  from  Multilayer 
TFEL  Emitter. 
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The  following  discussion  develops  an  expression  for  optimum  thick¬ 


nesses  of  d^  and  d^. 


,1 


rl  *  s2R2 
1  1  +  f'1s2R2 


o  -  r2  1  S3R3 

2  1  +  r2s3R3 


Using  Ruoard's  Method  one  can  calculate  the  reflectivity  of  a 
multi-layer  system  by  a  recursive  orocedure.  In  the  present  case  the 
reflection  R  (glass-ITO  interface)  can  be  expressed  in  terms  of  the 
Fresnel  co-efficiencs  (r)  and  the  accumulated  phase  in  each  layer  as 
fo 1 1 ows : 


r  .  VLni  . 

1  nl  +  n2 


(la) 


4-in2d2/> 


s2  -  e 


n2  "  n' 

r2 


-R- 


s3  =  e 


4-i n3d3/  \ 


The  coefficient  represents  the  total  reflectivity  contributed  by  all 
the  layers  below  the  ith  layer. 

The  requirement  that  vanish  reduces  to: 


(1~s3)r2 


I  -  s  rJ 
1  3  2 


r 1 ( 1 - s  3r2  >  +  s2^ 1*s3^r2  =  0 


OS  Heavens  Optical  Properties  of  Thin  Solid  Films,  Dover  Publications, 
1965. 
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assuming  <<  1 


I  .  -s2(l-s3)  .  -e"2  (l-."3) 


=  -e 


1  -  cos  $--1  sm 


*<*2f  2  ♦ 3  ^3  *3, 

-2e  sin  y  -  i  sin  y  cos  y| 


,  i*2  .  ^3 

-  2ie  sin  y 


cos  y  +  i  sin  y 


.TT  ..  ,J_3 

*2  i^2  *  2 
■  2e  e  e 


(4) 


Since  is  real,  in  order  to  satisy  the  equation  it  is  necessary  that 

the  right-hand  side  be  a  real  number;  this  means  that  the  total  phase 

(—  +  $  +  ■—)  must  be  an  integer  multiple  of  tt  .  When  it  is  an  even  multiple, 

2  2  2 

one  has 


*3 

2  sin  y 


which  has  solutions 


(5) 


(6a) 


(6b) 
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When  the  phase  Is  an  odd  multiple  of  it,  one  has 


rl  „  .  ^3  ,  which  has  solutions 

—  -  -2  sin  — 

r2  2 


■  2  2niT  -  sin 


*3  -  2  (2n+l) 


,in‘1  (l7^)  •  " 
*  +  !ln'1  (^)  ' 


In  the  present  case  ■  1.53,  n^  «  2.0,  and  n^“  2.4,  so  that 
s_n  *  (^72^)  ■  0.82  radian.  We  seek  a  solution  wherein  the  ZnS  layer 
is  roughly  400QA  thick  and  the  composite  ITO-Y^O^  layer  is  about  280QA 
thick,  as  determined  by  other  device  constraints.  Taking  d^  ~  4000A 
and  an  operating  wavelength  X  =  580QA  gives  "  20.48  radians,  correspond¬ 
ing  to  d^  •  3940A. 

This  choice  forces  the  total  phase  to  be  an  odd  multiple  of  n, 
which  gives  the  relation 


<J> 2  -  (2m  +  1)tt  -  y  -  10.24 

On  the  otherhand,  we  seek  a  solution  near  d2  **  280QA,  for  which 
$2  “  12.2  radians.  The  closest  on?  can  come  is  n  *  3,  which  gives 
<t 2  *  10.18  radians,  corresponding  to  dj  ■  2348A. 
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The  above  analysis  considers  the  emission  wavelength,  5800  A.  For 
reflected  ambient  light  all  wavelengths  of  the  visible  spectrum  should 
be  considered,  weighed  by  the  photopic  response  of  the  eye  and  the 
spectral  radiance  of  the  sun  to  obtain  a  realistic  estimate  of  contrast 
performance.  The  improvement  on  contrast  of  a  relatively  monochromatic 
emitter  in  a  broad  sunlight  ambient  is  difficult  to  estimate. 

3 . 3  High  Contras t  Display  Performance 

Since  the  optimum  design  must  consider  the  entire  spectrum,  a 
computer  model  was  implemented  to  predict  display  reflection  character¬ 
istics.  Figure  3.4  shows  the  reflection  vs.  wavelength  calculated 
for  an  EL  film  having  the  following  structure: 

N(0)  =  1.53  -  (Borosi 1 icate  Glass  Substrate) 

N(  1)  =  2.00,  T(  1)  =  207  nM  -  (1T0  +  Y^) 

N(2)  =  2.36,  T( 2)  =  400  nM  -  (ZnS) 

N(3)  =  2.00,  T(3)  =  207  nM  (Y^) 

N(4)  =  1.53  (Black  Backing) 

The  transparent  indium-tin  oxide  are  combined  as  N(l)  since  they 
have  essentially  equal  refractive  indices.  As  mentioned  earlier,  the 
front  surface  of  the  glass  substrate  is  assumed  to  be  coated  with  a 
low  reflectance  material;  therefore,  reflections  from  this  surface 
would  not  significantly  alter  total  reflectance  data. 

Referring  to  Figure  3.4  the  reflectance  vs.  wavelenqth  varies  from 
10. 3"  peak  in  the  blue  region  of  the  spectrum  to  the  relatively  low 
levels  less  than  0.2 %  at  520nM  and  580nM  in  the  green  and  yellow 
regions.  The  reflectance  then  increases  to  a  6T  peak  in  the  red  spectral 
region  at  630nM. 
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The  thin  film  display  is  designed  to  minimize  reflections  in  the 
500  to  600  nanometer  area  where  photopic  response  is  the  highest. 

Despite  the  relatively  high  absolute  reflections  in  the  blue  and  red 
portions  of  the  spectrum,  the  effective  reflections  (effective  reflection 
is  defined  as  the  absolute  reflection  adjusted  by  the  photopic  response) 
average  only  0.5*  and  peak  at  only  l%  as  can  be  seen  in  the  solid  line 
data  in  Fig.  3.4.  The  reflectance  between  500  and  600  nanometers  has 
been  reduced  essentially  to  zero  by  optically  turning  the  combined  multi¬ 
layer  thin  films  to  an  interference  mode. 

Figure  3.5  shows  reflectance  data  measured  from  an  actual  sample 
EL  display.  The  dashed  line  shows  the  effective  reflectance  of  the 
active  segment  area  as  a  function  of  wavelength.  The  peak  reflectance 
is  slightly  greater  than  1?:  with  the  average  reflectance  measured  at 
0.43°:.  The  reflectance  of  the  non-segment  area  matches  very  closely 
that  of  the  active  area  as  shown  by  the  solid  line  of  Figure  3.5.  For 
the  non-segment  area,  the  peak  reflectance  is  only  0.83^  with  the  average 
reflectance  of  only  0.40*.  The  close  match  of  the  active  segment  and 
inactive  non-segment  areas  is  of  paramount  importance  in  achieving  good 
contrast  in  high-ambient  light  levels,  where  even  small  differences  in 
reflection  characteristics  will  be  noticeable  in  the  display.  By 
achieving  extremely  low  reflectance  in  both  the  active  and  non-active 
display  areas,  the  difference  in  the  amount  of  light,  as  well  as  the 
total  light  reflected,  is  minimized  resulting  in  a  display  which  maintains 
excellent  contrast  and  legibility  even  in  high-ambient  illumination. 
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Figure  3.5  Reflectance  vs.  Wavelength 
for  Sample  #04101  EL  Display 
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A  sample  display  was  placed  in  an  integrating  sphere  and  operated 
in  a  10,000  ft-candle  ambient,  illuminated  by  a  2840°  Kelvin  light 
source.  The  display  contrast  was  measured  under  the  extreme  ambient 
of  the  integrating  sphere  with  the  results  tabulated  below: 


EL  DISPLAY 


Sample  A 


BRIGHTNESS  REFLECTANCE  %  DISPLAY  CONTRAST 
(FT-LAMBERTS)  (DIFFUSE)  0  10,000  Ft-CANDLES 


250 


0.43 


5.81 


Sample  B  250 


0.43 


5.81 


Contrast  was  defined  as  B<.  -  Bg 


where  =  Source  Brightness 

Bg  =  Background  Brightness 


A  plot  of  the  contrast  performance  of  the  high  contrast  EL  numeric 
display,  a  function  of  ambient  light  level,  is  shown  in  Figure  3.6. 

To  evaluate  the  display  structure  and  determine  what  factors  in¬ 
fluence  contrast,  including  the  use  of  neutral  density  filters  and  other 
means,  a  more  detailed  definition  of  the  contrast  definition  is  applied: 

where: 

C  =  Contrast  Ratio 

Bp  =  Brightness  of  Phosphor  EL  at  Inside  Surface 
=  Reflectance  at  Front  Surface 
cs  *  Reflectance  at  Glass-TFEL  Interface 
t  =  Transmittance  of  Glass/Neutral  Density  Filter 
I  *  Incident  Illumination  in  Ft-Lamberts 
Bg  =  Total  Effective  Background  Brightness 


15 


Jf- 


o 


£C 

£ 


tSi 
CL 
Q : 


z 

o 

u 


* 


1 


Rockwell  International 

ERC41016.18FR 


LOG  RMBIENT  ILLUMINRTION  (ft-c) 
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C  =  B$  '  BB  _  BS  -  1 
BB  "  BB 

C  =  B  r  +  I(pF)  +  I[{1-pf)(t2p<-)] 
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Analysis  of  various  techniques  for  further  contrast  enhancement 
showed  that  neutral  density  filtering  offers  relatively  little  improvement 
when  the  black  backing  material  has  a  diffuse  reflectivity  less  than 
0.5’;.  The  attenuation  of  light  output  offsets  any  advantage  the  neutral 
density  filter  may  have;  contrast  improvement  is  much  more  effective  in 
the  low  reflectivity  black  backing  material.  Figure  3.7  shows  contrast 
vs.  illumination  for  various  amounts  of  neutral  density  filtering,  x. 

3 . 4  Oecoder/Oriver  Integrated  Circuit  Design 

Within  the  cost  scope  of  this  development  program,  a  three-chip 
integrated  circuit  design  was  implemented  utilizing  a  custom  CMOS  logic 
chip  and  two  custom  high-voltage  DMOS  drivers.  The  custom  CMOS  logic 
chip  shown  in  Figure  3.8  contains  all  the  necessary  functions  to  inter¬ 
face  with  the  two  high-voltage  drivers  from  BCD  input  signals.  Figure 
3.9  shows  the  signal  input/output  diagram  of  the  logic  IC.  BCD  logic 
signals  are  input  with  either  digit  1  (EN1)  or  digit  2  (EN2),  the 
signals  are  decoded  and  the  segments  are  latched  to  either  an  "on" 
or  "off"  condition  until  new  BCD  information  is  received.  The  logic 
signals  are  coupled  to  the  high-voltage  driver  chips  as  shown  in  Figure 
3.10. 
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FIGURE  3.7 

CONTRAST  VS.  AMBIENT  ILLUM. 
COMPUTER  PLOT 
BRIGHTNESS=250  ft-L 
(SOLID  LINE  T-.5) 

(DRSHED  LINE  T-.6  &  .7) 
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Fig.  3.10  Circuit  Block  Diagram. 
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3.4.1  High  Voltage  Driver  Chip  Design 

The  custom  high-voltage  driver  chips  used  in  this  design  consist 
of  DMOS  processed  P-channel  and  N-channel  FET  arrays  shown  in  Figure  3.11. 
The  P-channel  and  N-channel  chips  are  connected  in  a  complimentary 
pair  configuration  as  shown  in  Figure  3.12.  The  complimentary  config¬ 
uration  allows  efficient  switching  between  high-voltage  and  ground  levels 
without  the  need  for  pull-up  resistors,  thus  substantially  reducing  power 
consumption. 

3.4.2  Alternate  Circuit  Design 

Unfortunately,  the  development  of  these  high-voltage  drivers  has 
been  seriously  delayed,  necessitating  the  use  of  an  alternate  circuit 
design.  The  alternate  two-digit  TFEL  decoder/driyer  circuit  using 
conventional  available  CMOS  CD4042  latch  circuits  in  conjunction  with 
DS8880  bipolar  decoder  driver  chips  is  shown  in  Figure  3.13,  This 
design  accomplishes  the  latch  function  in  the  CMOS  CD4042  chip. 

The  BCD  to  seven-segment  decode  function  is  in  the  bipolar  driver 
chip  which  has  an  80-volt  switching  level  capability  and  requires  the 
use  of  100K  pull-up  resistors.  The  design  results  in  increased  power 
consumption  over  the  original  design;  however,  it  is  uncertain  even 
at  this  writing  when  the  DMOS  FET  drivers  will  be  completed. 
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11  High  Voltage  Driver  Chip  Assembly. 
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Figure  3.13  Alternate  Two-Digit  Circuit  Design 
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4.0  EL  DISPLAY  DESIGN  FABRICATION  AND  ASSEMBLY 

4. 1  Hermetic  Seal  and  Package  Design 

The  hermetic  packaging  of  TFEL  displays  required  development  of  new 
techniques,  since  truly  hermetic  EL  thin-film  displays  have  not  yet  been 
fabricated.  Perhaps  the  most  unique  requirement  is  a  vertical  inter¬ 
connection  between  the  hybrid  driver  circuitry  and  the  EL  display  which 
is  deposited  on  the  integral  front  window  of  the  package.  Figure  4.1 
shows  a  cross  sectional  view  of  the  hermetic  seal  design.  The  hybrid 
circuit  utilizes  convention  thick-film  circuitry  with  standard  die  attach 
and  wire  bonding  methods. 

Since  the  number  of  units  to  be  fabricated  was  small,  a  seal  design 
resulting  in  moderate  tooling  cost  was  used.  A  ceramic  sidewall  frame 
was  frit-sealed  to  the  ceramic  substrate  to  form  the  package  cavity. 

The  top  surface  of  the  sidewall  frame  was  metal ized,  fired  and  then 
braze  sealed  to  the  7059  glass  substrate  on  which  the  thin-film  EL 
structure  was  deposited.  A  separate  channel  using  thick  film  conductors 
was  used  to  accomplish  the  vertical  interconnect  between  display  and 
drive  circuitry.  The  channel  was  installed  prior  to  sealing  so  that  the 
top  surface  of  the  thick  film  conductors  formed  the  interconnect  to  the 
display  when  the  package  was  sealed.  This  method  resulted  in  reliable 
connections  with  a  high  yield  and  excellent  reliability. 

Figure  4.2  is  a  photograph  of  the  component  parts  of  the  display 
showing  the  component  parts  as  follows: 
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1.  7059  glass  substrate  (phosphor); 

2.  Alumina  ceramic  substrate  (hybrid  circuit); 

3.  Vertical  interconnect  channels; 

4.  Ceramic  sidewall  frame. 

An  exhaust/seal  port  was  also  designed  into  the  ceramic  substrate 
to  establish  a  controlled  atmosphere  in  the  package  after  the  main 
seal.  The  final  seal  of  the  exhaust  port  is  a  high  temperature  solder 
seal.  The  package  can  esaily  withstand  -55°C  to  +125°C  environment. 
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5.0  DISPLAY  ELECTRO-OPTICAL  CHARACTERISTICS 

5.1  Brightness  and  Efficiency  Performance 

All  TFEL  displays  are  evaluated  for  luminous  output,  impedance, 
power  dissipation  and  efficiency.  A  select  sampling  are  placed  on 
test  for  evaluation  of  operating  life  and  maintanence  characteristics. 

The  devices  are  driven  with  a  constant  5KHz  sinusoidal  voltage  with 
periodic  measurement  of  characteristics. 

Figure  5.1  shows  the  brightness  vs.  voltage  characteristic  for  a 
typical  high-contrast  numeric  display  driven  at  5KHz.  The  high  contrast 
TFEL  structure  has  similar  threshhold  voltage  to  the  more  common  metal 
electroded  structure,  but  does  not  benefit  from  the  reflective  properties 
of  the  metal  electrode  structure.  Typical  peak  brightness  for  the  high- 
contrast  cells  range  from  350  to  500  ft-lamberts  with  the  peak  at 
372  ft-lamberts  for  the  curve  shown.  The  total  cell  thickness  is  controlled 
to  minimize  reflections,  as  described  earlier. 

Figure  5.2  shows  the  efficiency  and  power  dissipation  for  a  typical 
segment  again  driven  at  a  5KHz  frequency.  The  data  is  from  the  same 
sample  as  the  brightness  data  so  that  typical  brightness  efficiency  and 
power  dissipation  may  be  compared.  For  comparison  at  a  brightness 
of  150  ft-L,  the  segment  voltage  is  111  volts,  the  power  dissipation  is 
4.5  milliwatts  and  the  efficiency  is  .45  lumens  per  watt.  Because  of 
the  larger  package  required  to  house  the  interim  circuitry,  the  segment 
areas  are  larger  than  will  be  used  in  later  production  versions  where 
the  power  dissipation  is  expected  to  be  about  2.5  milliwatts  per  segment. 
Power  dissipation  per  digit  would  be  reduced  from  the  present  22.5  milli¬ 
watts  to  12.5  milliwatts. 
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5.2  Display  Contrast  vs.  Ambient  Illumination 

Figure  5.3  shows  display  contrast  vs.  illumination  for  a  typical 
display  operating  at  250  ft-L.  The  data  was  taken  in  an  integrating 
sphere,  as  described  earlier.  Contrast  was  measured  as  defined  in 
Section  3  in  an  integrating  sphere.  The  contrast  ratio  was  290:1  at 
200  ft-c;  58:1  at  1,000  ft-c;  and  5.8:1  at  10,000  ft-c.  The  displays 
were  judged  easily  legible  by  several  observers  at  10,000  ft-c.  The 
goal  of  3:1  contrast  at  10,000  ft-c  was  exceeded  by  almost  2  to  1. 

A  photo  of  the  2-digit  numeric  is  shown  in  Figure  5.5. 

5.3  Operating  Life  and  Maintanence  Characteristics 

Operating  life  was  conducted  under  constant  voltage  continuous 
drive  5KHz  excitation  at  100  ft-L  initial  brightness.  As  is  typical 
in  TFEL  displays,  the  brightness  declines  slightly  during  the  first 
100  hours  of  operating  and  then  remains  relatively  stable.  Figure  5.4 
shows  the  operating  life  characteristics  for  2  high-contrast  numeric 
displays.  In  Sample  #01161,  the  brightness  declines  to  97%  of  the 
original  brightness  after  100  hours  and  remained  at  this  level  out  to 
1500  hours.  Sample  #41101-BB  declined  to  82%  after  1500  hours  of  operation. 

While  the  mechanism  of  the  decay  is  not  clearly  understood,  this 
type  of  decay  curve  appears  to  be  typical  of  decay  characteristics  with 
displays  having  been  tested  for  up  to  30,000  hours  with  very  little 
decay  after  100  hours  of  operation. 
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The  high  contrast  TFEL  displays  have  excellent  life  and  reliability 
characteristics.  Design  of  the  devices  with  an  open  circuit  pinhole 
failure  mechanism  minimizes  the  possibility  of  any  catastrophic  failures. 
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FIGURE  5.3 
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Fig.  5.5  Operating  EL  2-digit  Numeric  Display. 
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6.0  CONCLUSIONS  AND  RECOMMENDATIONS 
FOR  FURTHER  DEVELOPMENT 


6. 1  Conclusions 

The  program  to  develop  high-contrast  EL  numeric  displays  was  completed 
with  the  delivery  of  20  two-digit  EL  numerics  with  integral  decoder/dri ver 
circuitry.  The  displays  are  capable  of  viewing  in  high-ambient  direct- 
sunlight  conditions.  The  displays  are  driven  directly  with  low-level 
BCD  logic  signals  and  have  latched  inputs  which  retain  signal  information 
until  new  information  is  received.  The  latched  circuitry  allows  multi¬ 
plexing  multiple  digits  on  a  single  input  circuit  using  "digit  select" 
(enable)  lines  to  select  digit  to  which  new  input  signals  are  transmitted. 

This  program  was  significantly  delayed  by  the  unavailability  of 
high-voltage  driver  chips  as  discussed  in  the  previous  section  on  high- 
voltage  driver  design.  When  it  became  apparent  that  further  delays  would 
be  encountered,  an  alternate  circuit  design,  using  available  lower-voltage 
driver  chips,  was  implemented.  While  this  design  produced  usable  displays, 
driver-power  consumption  was  higher  than  original  designs,  due  to  the 
necessity  of  utilizing  bipolar  driver  chips  rather  than  DMOS  FET  drivers 
which  continue  to  be  unavailable  at  this  writing.  The  FET  performance 
of  the  test  chips  indicate  that  the  driver  power  of  the  bipolar  types 
(50  milliwatts  per  segment)  could  be  reduced  to  less  than  two  milliwatts 
per  segment.  The  actual  EL  segment  dissipation  of  three  milliwatts  per 
segment  would  result  in  an  overall  power  consumption  of  40  milliwatts 
per  digit,  including  logic,  driver  and  segment  power.  Total  package 
power  for  a  two-digit  package  would  be  reduced  to  less  than  100  milliwatts, 
as  compared  to  the  present 420 milliwatts. 
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6.2  Recommendations  for  Further  Development 

The  circuit  design  originally  proposed  contained  a  logic  decoder 
chip  and  two  high  voltage  driver  chips  as  previously  discussed.  With 
recent  developments  in  QMOS  FET  driver  technology,  an  approach  using  a 
single  DMOS  P-channel  FET  integrated  circuit  including  on-board  decoder 
logic  should  definitely  be  undertaken  in  any  future  refinements  or 
further  manufacturing  methods  and  technology  programs  for  EL  numeric 
displays. 

Such  a  design  would  further  reduce  power  requirements,  simplify 
the  design  and  allow  packaging  of  multiple  digits  in  arrays  of  2,  4  or 
8  digits,  simply  by  use  of  larger  logic  arrays.  For  example,  a  single 
chip  IC  would  drive  four  digits,  including  decimal  points.  The  only 
additional  circuitry  required  is  a  single  NMOS  FET  to  drive  the  back¬ 
plane  electrode.  Use  of  the  single  chip  design  reduces  the  input  leads 
to  eight  pins  even  for  a  four-digit  display,  a  significant  simplification. 
Reducing  the  size  and  number  of  integrated  circuits  also  simplifies 
circuit  complexity  wire  bonding,  and  interconnection  requirements  making 
feasible  smaller  more  compact  displays  for  applications  requiring  more 
digits  in  a  smaller  format  and  space. 

An  alternative,  using  the  single  chip  approach,  is  the  implementation 
of  16-segment  alphanumeric  two-digit  displays  using  the  same  type  of 
single  chip  approach  with  a  single  NMOS  FET  backplane  driver. 
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Rockwell  also  recognizes  the  Importance  of  achieving  a  reliable 
continuous  Insulating  high  contrast  layer  and  is  continuing  research 
efforts  in  this  area.  Despite  excellent  contrast  ratio  and  surface 
reflection  data  obtained  in  presently  delivered  samples,  the  capability 
of  a  continuous  black  layer  to  completely  reject  all  background  reflection 
patterns  is  a  powerful  advantage  and  virtually  mandatory  requirement  for 
the  ultimate  high-contrast  display.  While  Rockwell  has  achieved  continuously 
black  high-contrast  layers,  reliability  of  these  structures  must  be  im¬ 
proved  by  further  material  research  and  process  development  to  attain  a 
continuous  high-contrast  layer  comparable  in  reliability  to  our  present 
conventional  EL  structures. 


40 


» 


% 


-.f; 


ELECTRONICS  TECHNOLOGY  AND  DEVICES  LABORATORY 
SUPPLEMENT  CONTRACT  DISTRIBUTION  LIST 
(ELECTIVE) 


103  Code  R123,  Tech  Library 
DCA  Defense  Comm  Engrg  Ctr 
1800  Wiehle  Ave 

001  Reston,  VA  22090 

104  Defense  Communications  Agency 
Technical  Library  Center 
Code  205  (P.  A.  Tolovi) 

001  Washington,  D.C.  20305 

206  Commander 

Naval  Electronics  Laboratory  Center 
ATTN:  Library 
001  San  Diego,  CA  92152 

207  Cdr,  Naval  Surface  Weapons  Center 
White  Oak  Laboratory 

ATTN:  Library  Code  WX-21 
001  Silver  Spring,  MD  20910 

314  Hq,  Air  Force  Systems  Command 
ATTN:  DLCA 
Andrews  Air  Force  Base 
001  Washington,  D.C.  20331 

403  Cdr,  MI COM 

Redstone  Scientific  Info  Ctr 
ATTN:  Chief,  Document  Section 
001  Redstone  Arsenal,  AL  35809 

406  Commandant 

US  Army  Aviation  Center 
ATTN:  ATZQ-D-MA 
001  Fort  Rucker,  AL  36362 

407  Director,  Ballistic  Missile  Defense 
Advanced  Technology  Center 

ATTN:  ATC-R,  PO  Box  1500 
001  Huntsville,  AL  35807 


477  Director 

US  Army  Ballistic  Research  Labs 
ATTN:  DRXBR-LB 

001  Aberdeen  Proving  Ground,  MD  21005 
482  Director 

US  Army  Material  Systems  Analysis  Actv 
ATTN:  DRXSY-T,  MP  (In  Turn) 

001  Aberdeen  Proving  Ground,  MD  21005 

507  Cdr,  AVRADCOM 
ATTN:  DRSAV-E 
PO  Bex  209 

001  St.  Louis,  MC  63166 

511  Commander,  Picatinny  Arsenal 

ATTN:  SARPA-FR-S,  -ND-A-4, 

-TS-S  (In  Turn) 

001  Dtver,  NJ  07801 

517  Commander 

US  Army  Satellite  Communications  Agcy 
ATTN:  DRCPM-SC-3 
001  Fort  Monmouth,  NJ  07703 

518  TRI-TAC  Office 
ATTN:  TT-DA 

001  Fort  Monmouth,  NJ  07703 

519  Cdr,  US  Army  Avionics  Lab 
AVRADCOM 
ATTN:  DAVAA-D 

001  Fort  Monmouth,  NJ  07703 

520  Project  Manager,  FIREFINDER/REMBASS 
ATTN:  DRCPM-FFR 

001  Fort  Monmouth,  NJ  07703 

521  Commander 
Project  Manager,  SOTAS 
ATTN:  DRCPM-STA 

001  Fort  Monmouth,  NJ  07703 


418  Commander 

HQ,  Fort  Huachuca 

ATTN:  Technical  Reference  Div. 


001  Fort  Huachuca,  AZ  85613  Sigmatron  Nova 

ATTN:  Mr.  W.  Essinger 

475  Cdr,  Harry  Diamond  Laboratories  Bldg.  D. 

ATTN:  Library  21110  Nordhoff  Street 

2800  Powder  Mill  Road  001  Chatsworth,  CA  91311 

001  Adel  phi,  MD  20783 


I 


SUPPLEMENTAL  CONTRACT  DISTRIBUTION  LIST  (ELECTIVE)  (CONTD) 


Honeywell  Systems  &  Research  Center 
ATTN:  Mr.  Ron  Peterson 

2800  Ridgwood  Parkway 

617 

Cdr,  ERADCOM 

ATTN:  DRDEL-AQ 

2800  Powder  Mill  Road 

OC1 

Minneapolis,  MN  55413 

001 

Adel  phi,  MD  20783 

GTE  Syl vania 

ATTN:  Mr.  L.  Hope 

60  Boston  Street 

619 

Cdr,  ERADCOM 

ATTN:  DRDEL-PA,  -ILS,  -ED  (In  Turn) 
2800  Powder  Mill  Road 

001 

Salem,  MA  01970 

001 

Adel  phi,  MD  20783 

Supertex 

ATTN:  Mr.  R.  Blanchard 

1225  Bordeaus  Drive 

701 

MIT  -  Lincoln  Laboratory 

ATTN:  Library  (RM  A- 082) 

PO  Box  73 

001 

Sunnyvale,  CA  94086 

002 

Lexington.  MA  02173 

Interstate  Electronics  Corporation 

ATTN:  Mr.  Don  Pinsky 

703 

NASA  Scientific  &  Tech  Info  Facility 
Baltimore/Washington  Int'l  Airport 

1001  E.  Ball  Road 

P.  0.  Box  3117 

001 

PO  Box  8757,  MD  21240 

001 

Anaheim,  CA  92803 

704 

National  Bureau  of  Standards 

Bldg  225,  Rm  A-331 

531 

Cdr,  US  Army  Research  Office 

ATTN:  Mr.  Leedy 

ATTN:  DRXRO-PH  (Dr.  Lontz) 

DRXRO-IP  (In  Turn) 

001 

Washington,  DC  20231 

PO  Box  12211 

707 

TACTEC 

001 

Research  Triangle  Park,  NC  27709 

Batelle  Memorial  Institute 

505  King  Avenue 

556 

HQ,  TCATA 

Technical  Information  Center 

ATTN:  Mrs.  Ruth  Reynolds 

001 

Columbus,  OH  43201 

Reliability  Analysis  Center 

Fort  Hood,  TX  76544 

001 

Griffiss  AFB,  NY  13441 

568 

Commander 

Mr.  Walter  Goede 

\  • 

US  Army  Mobility  Eqp  Res  &  Dev  Cmd 

Northrop  Corporation 

1 

ATTN:  DRDME-R 

2301  W.  120th  St. 

••  *i 

i 

i  001 

Fort  Bel  voir,  VA  22060 

001 

Hawthorne,  CA  90250 

a 

1  604 

Chief 

Aerojet  Electrosystems  Company 

ri*  . 
\ 

i 

Ofc  of  Missile  Electronic  Warfare 

ATTN:  Mr,  Goldberg 

1 

Electronics  Warfare  Lab,  ERADCOM 

1100  W.  Hollyvale  St. 

I 

;  ooi 

White  Sands  Missile  Range,  NM  88002 

001 

Azusa,  CA  91702 

> ( 

606 

Chief 

Sierracin/Sylmar 

4 

Intel  Material  Dev  &  Support  Ofc 

ATTN:  Mr.  Paul  Schumacher 

Electronic  Warfare  Lab,  ERADCOM 

12780  San  Fernando  Road 

§ 

001 

Fort  Meade,  MD  20755 

001 

Sylmar,  CA  91342 

V 

608 

Commander 

Honeywell,  Inc. 

• 

ARRADCOM 

ATTN:  Mr.  Joseph  Ryan 

4  | 

DRDAR-TSB-S 

P.  0.  Box  54 

r 

001 

Aberdeen  Proving  Ground,  MD  21005 

001 

Eatontown,  NJ  07724 

w 

614 

Cdr,  ERADCOM 

Norden  Systems 

i 

ATTN:  DRDEL-LL,  -SB,  -AP  (In  Turn) 

ATTN:  Mr.  Dick  Walker 

■ 

2800  Powder  Mill  Road 

Norden  Place 

.  1 

001 

Adel phi,  MD  20783 

001 

Norwalk,  CT  06856 

t 


SUPPLEMENTAL  CONTRACT  DISTRIBUTION  LIST  (ELECTIVE)  (CONTD) 


Texas  Instruments,  Inc. 

ATTN:  Dr.  Milo  R.  Johnson 
PO  Box  225621,  MS  944 
13500  North  Central  Expressway 
001  Dallas,  TX  75265 

Kcllsman  Instrument  Company 
ATTN:  Mr.  Paul  Coleman 
Daniel  Webster  Hwy,  South 
001  Merrimack,  NH  03054 


ELECTRONICS  TECHNOLOGY  AND  DEVICES  LABORATORY 
MANDATORY  CONTRACT  DISTRIBUTION  LIST 


j  101  Defense  Technical  Information  Center 
ATTN:  DTIC-TCA 
Cameron  Station  (Bldg  5) 

012  Alexandria,  VA  22314 

203  GIDEP  Engineering  &  Support  Dept 
TE  Section 
PO  Box  398 

001  Norco,  CA  91760 

205  Director 

Naval  Research  Laboratory 
ATTN:  COOE  2627 
001  Washington,  D.C.  20375 

305  Rome  Air  Development  Center 

ATTN:  Documents  Library  (TILD) 

001  Griff iss  AFB,  NY  13441 

437  Deputy  for  Science  &  Technology 
Office.  Asst.  Sec.  Army  (R&D) 

001  Washington,  OC  20310 

438  HQ DA  (DAMA-ARZ-D/D r.  F.  D.  Verderame) 

001  Washington,  DC  20310 

482  Director 

US  Army  Material  Systems  Analysis  Actv 
ATTN:  DRXSY-MP 

001  Aberdeen  Proving  Ground,  MD  21005 

563  Commander,  DARCOM 
ATTN:  DRCDE 

5001  Eisenhower  Ave 
001  Alexandria,  VA  22333 

564  Cdr,  US  Army  Signals  Warfare  Lab 
ATTN:  DELSW-OS 

Vint  Hill  Farms  Station 
001  Warrenton,  VA  22186 

579  Cdr,  PM  Concept  Analysis  Center 

ATTN:  ORCPM-CAC 
Arlington  Hall  Station 
001  Arlington,  VA  22212 

602  Cdr,  Night  Vision  &  Electro-Optics 

ERAOCOM 

ATTN:  OELNV-D 

001  Fort  Belvoir,  VA  22060 


603  Cdr,  Atmospheric  Sciences  Lab 
ERADCOM 

ATTN:  DELAS-SY-S 

001  White  Sands  Missile  Range,  NM  88002 

607  Cdr,  Harry  Diamond  Laboratories 
ATTN:  DELHD-CO,  TD  (In  Turn) 

2800  Powder  Mill  Road 
001  Adel  phi,  MD  20783 

609  Cdr,  ERADCOM 

ATTN:  DRDEL-CG,  CD,  CS  (In  Turn) 
2800  Powder  Mill  Read 
001  Adel  phi,  MD  20783 

612  Cdr,  ERADCOM 

ATTN:  DRDEL-CT 
2800  Powder  Mi  1 1  Road 
001  Adel  phi,  MD  20783 

680  Commander 

US  Army  Electronics  R&D  Command 
000  Fort  Monmouth.  NJ  07703 

1  DELEW-D 
1  DELE1-DD 

1  DELSD-L  (Tech  Library) 

2  DELSD-L-S  (STINFO) 

Originating  Office  (DELET-BD) 

(All  remaining  copies) 

681  Commander 

US  Army  Communications  R&D  Command 
ATTN:  USMC-INO 
001  Fort  Monmouth,  NJ  07703 

705  Advisory  Group  on  Electron  Devices 

201  Varick  Street,  9th  Floor 
002  New  York,  NY  10014 
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